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(§) Buried- type semiconductor laser device. 



(|7) This Invention provides a buried-type semi- 
conductor laser device that operates stably and 
reliably at a high temperature for a prolonged 
period of time. A buried-type seiniconductor 
laser device according to the invention com- 
prises a semiconductor substrate 2, a first ridge 
mesa 8 formed on said substrate 2, said first 
ridge mesa 8 being covered on the top with at 
least an active layer 4 and provided at both 
lateral edges with current blocking layers 9, 10 
of p-n reverse junction semiconductors ar- 
ranged along the active layer iar confining elec- 
tric currents, and a second ridge mesa 11 
formed by said first . ridge mesa 8 and said 
current blocking layers 9, 10 and provided at 
both lateral edges with a semi-insulating layer 
13. 
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BACKGROUND OF THE INVENTION 

[Field of the Invention] 

This invention relates to an improvement on a 
burled-type semiconductor laser device to be used as 
a light source in an optical telecommunication system. 

[Prior Art] 

A semiconductor laser device to be used as a light 
source in an optical telecommunication system is re- 
quired to have various functional features such as a 
high output power and a low threshold current, and a 
high speed modulation capability. 

A buried-type semiconductor laser device (having 
a BH structure) is known to meet such requirements. 

Fig. 2 of the accompanying drawings illustrates a 
typical known burled-type semiconductor laser de- 
vice. 

Referring to Fig. 2. the buried-type semiconduc- 
tor laserdevice 14 comprises an n-lnP semiconductor 
substrate 15. on which an n-lnP buffer layer 1 6, a non- 
doped GalnAsP active layer 17 (having an energy 
band gap wavelength of 1,3 ^m), InP clad layers 18 
and 1 9 and a GalnAs contact layer 20 are sequentially 
formed by means of an epitaxial growth technique 
such as the MOCVD method to bring forth a multilayer 
structure. 

Additionally, p-lnP current blocking layers 21 and 
n-lnP current blocking layers 22 extends from the re- 
spective upper edges of the clad layer 18 to cover the 
etched areas of the buffer layer 16 and then grooves 
23 are cut through the current blocking layers 21 and 
22, the clad layer 1 9 and the contact layer 20 in order 
to reduce the device capacity. The grooves 23 and 
part of the segmented contact layer are covered by an 
SIO2 insulating film 24. 

[Problem to be Solved by the Invention], 

A buried-type semiconductor laserdevice 14 hav- 
ing a configuration as illustrated in Fig. 2 is subject to 
internal stresses (distortions) particularly in the active 
layer 17 which is particulariy remarkable at high tem- 
perature due to the significant difference in the ther- 
mal expansion coefficient between and the close 
physical proximity of the insulating films 24 covering 
the surface of the grooves 23 and the active layer 17. 

A semiconductor laserdevice 14 which is subject 
to such distortions cannot reliably operate for a jong 
period of time. 

[Object of the Invention] 

In view of the above identified technological prob- 
lem, it is therefore an object of the present invention 
to provide a buried-type semiconductor laser device 



that operates stably and reliably at high temperature 
for a prolonged period of time. 

SUMMARY OF THE INVENTION 

5 

According to the invention, the above object is 
achieved by providing a buried-type semiconductor 
laser device comprising a semiconductor substrate, a 
first ridge mesa fonmed on said substrate, said first 
10 ridge mesa being covered on the top with at least an 
active layer and provided at both lateral edges with a 
current blocking layers of p-n reverse junction semi- 
conductors arranged along the active layer for confin- 
ing electric currents, and a second ridge mesa formed 
15 by said first ridge mesa and said current blocking lay- 
ers and provided at both lateral edges with a semi- 
insulating layer. 

Said active layer preferably has a bulk structure, 
a quantum well structure or a strained quantum well 
20 structure. 

Said active layer formed on said first ridge mesa 
Is preferably covered with a clad layer. 

Said second ridge mesa formed by said first ridge 
mesa and said current blocking layers may addition- 
25 ally comprise clad and contact layers. 

Said current blocking layers may be made of n- 
InP and p-lnP and said semi-insulating layer may be 
made of Fe doped InP or polyimide and covered with 
an InP layer. 

30 

[Function] 

A buried-type semiconductor laser device ac- 
cording to the invention can effectively confine injec- 

35 tion currents by its current blocking layers of p-n re- 
verse junction semiconductors and therefore shows a 
low threshold current for laser oscillation and a re- 
duced capacity of the device due to the arrangement 
of a semi-insulating layer. 

40 More specifically, since a buried-type semicon- 

ductor laser device according to the invention does 
not have grooves in the close proximity of an active 
layer and insulating films covering the grooves (and 
having a thermal expansion coefficient different from 

45 that of the active layer), it is practically free from inter- 
nal stresses and distortions even if it is driven at a high 
temperature. 

Thus, a buried-type semiconductor laser device 
according to the invention operates stably and reliably 

50 for a prolonged period of time, if it is driven at a high 
temperature. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 Fig. 1 is a sectional view of a preferred embodi- 

ment of buried-type semiconductor laserdevice of the 
invention. 

Fig. 2 is a sectional view of a conventional buried- 
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type semiconductor laser device. 

DETAILED DESCRIPTION OF THE INVENTION 

Now, the present Invention will be described in 5 
greater detail by refenring to Fig. 1 of the accompany- 
ing drawings that illustrates a preferred embodiment 
of the invention. 

In Fig. 1, the buried-type semiconductor laser de- 
vice 1 comprises an n-lnP semiconductor substrate 2, io 
on which an n-lnP buffer layer 3, a nondoped Gain- 
AsP active layer having an energy band gap wave- 
length of 1 .3 urn. a p-lnP clad layer 5, a p-lnP clad lay- 
ers, a p-GalnAs contact layer 7, a p-lnP current block- 
ing layer 9, an n-lnP current blocking layer 10, an n- 15 
InP layer 12 and a semi-insulating layer 13 are se- 
quentially fomied to bring forth a multilayer structure 
and is provided with a first ridge mesa 8 and a second 
ridge mesa 11. 

In a semiconductor laser device 1 having a con- 20 
figuration as described above, the semiconductor 
substrate 2 typically may have a thickness of 350m 
and the buffer layer 3, the active layer 4 and the clad 
layer 5 may respectively have thicknesses of 1 ^m, 
0.1 ^m and 0.5 ^m, while the clad layer 6, the contact 25 
layer 7 and the current blocking layer 9 may respec- 
tively have thicknesses of 2 ^im, 0.3 ^im and 2 ^im and 
the thicknesses of the current blocking layer 10, the 
n-lnP layer 12 and the semi-insulating layer 13 may 
respectively be 1 \irT\, 0.7 p.m and 3 i^m, although the 30 
above figures are cited only as examples and the 
present invention is not limited thereto. 

The semi-insulating layer 13 may alternatively be 
made of polyimide and, while the active layer 4 of this 
embodiment has a bulk stnjcture. it may alternatively 35 
have a different structure such as a quantum well 
structure or a strained quantum well structure. 

Since a semiconductor laser device 1 as descri- 
bed above is subjected to cunrent confinement to be 
realized by the current blocking layers 9 and 10, in- 40 
volving a p-n reverse junction, it can be driven by a low 
threshold current and the capacity of the device 1 is 
reduced by the existence of segmented semi- 
insulating layer 13 disposed at the lateral sides of the 
second ridge mesa 11. 4S 

What Is more, the device 1 maintains its reliability 
because its active layer 4 is practically free finom 
stress, if the device 1 is used at a high temperature for 
a prolong period of time. 

The reason why the active layer 4 is immune to so 
stress is that the device 1 of the invention does not 
have any grooves which are covered by an insulating 
film having a thermal expansion coefficient signifi- 
cantly different from that of the active layer and locat- 
ed in the proximity of the active layer as^in thejgse 55 
of a poirivenBorialiaevic^ refeniri^ 



cording to the invention and illustrated In Fig. 1 can be 
prepared by way of a manufacturing process as de- 
scribed below. 

In the first step, a buffer layer 3, an active layer 4 
and a clad layer 5 are formed on an n-lnP semicon- 
ductor substrate 2 by a first application of an epitaxial 
growth technique (MOCVD method). 

Then, in the second step, the surface of the clad 
layer 5 is masked along a center linefor a width of ap- 
proximately 1.5 Jim and the layers from the clad layer 
5 down to the buffer layer 3 are etched by a first ap- 
plication of a (known) photolithography technique to 
produce a first ridge mesa 8. 

Thereafter, in the third step, the surface of the ac- 
tive layer is masked by SiOa and a current blocking 
layer 9 Is fomned in segments on the areas that have 
been etched for the first time. 

Then, segments of another current blocking layer 
10 are selectively made to grow on the respective 
segments of the current blocking layer 9 until they 
reach the height of the surface of the active layer 4. 

After removing the SiOa mask, in the fourth step, 
a dad layer 6 and a contact layer 7 are sequentially 
formed on the active layer 4 and the current blocking 
layer 10 by a second application of an epitaxial growth 
technique. 

Subsequently, in the fifth step, the surface of the 
contact layer 7 is masked along a center line for a 
width of approximately 5 to 20 ^m and then the layers 
from the contact layer 7 down to the buffer layer 3 are 
. etched by a second application of a photolithography 
technique to produce a second ridge mesa 11. 

Then, in the sixth step, a semi-insulating layer 13 
and an InP layer 12 are sequentially formed in seg- 
ments on the second etched areas by means of an 
epitaxial growth technique to produce a buried-type 
semiconductor laser device 1 . 

Finally, in tKe seventh^ s^ 
rndyed from 
vice 1 iahd p-^ arid 

The above described sixth step may alternatively 
be Inserted after the third step. 

If the semi-insulating layer 13 is made of polyi- 
mide, the operation of successively growing layers by 
means of an epitaxial growth technique will be omit- 
ted. 

[Advantage of the Invention] 

As is apparent from the above description, a bur- 
ied-type semiconductor laser device according to the 
Invention operates stably and reliably at a high tem- 
perature for a prolonged period of time, because it is 
free from distortions in its active layer due to stresses 
that may arise when it Is driven at a high temperature. 



A buried-tvoe semiconductor laser device 1 ac- 
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Claims 

1. A buried-type semiconductor laser device com- 
prising a semiconductor substrate, a first ridge 
mesa formed on said substrate, said first ridge 5 
mesa being covered on the top with an active lay- 
er and provided at both lateral edges with current 
blocking layers of p-n reverse junction semicon- 
ductors an*anged along the active layer for confin- 
ing injection currents, and a second ridge mesa io 
formed at least by said first ridge mesa and said 
cunrent blocking layers and provided at both lat- 
eral edges with a semi-insulating layer. 

2. A buried-type semiconductor laser device ac- 15 
cording to claim 1, wherein said active layer has 

a bulk structure, a quantum well structure or a 
strained quantum well structure. 

3. A buried-type semiconductor laser device ac- 20 
cording to claim 1, wherein said active layer 
formed on said first ridge mesa Is covered with a 
dad layer. 

4. A buried-type semiconductor laser device ac- 25 
cording to claim 1, wherein said second ridge 
mesa formed by said first ridge mesa and said 
cunrent blocking layers additionally comprise clad 

and contact layers. 

30 

5- ~ A buried-type semiconductor laser device ac- 

cording to claim 1 , wherein said current blocking 
layers are made of n-lnP and p-lnP. 

6- A buried-type semiconductor laser device ac- 3S 
cording to j^finrn 1, vyherein^ldj^^ 

jSyeris m 

7. A buried-type semiconductor laser device ac- 40 
cording to claim 5, wherein an InP layer is formed 
on said semi-insulating layer. 
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